In recent years, the Arctic sea ice cover has undergone a precipitous decline in summer extent. The sea ice mass balance integrates heat and provides insight on atmospheric and oceanic forcing. The amount of surface melt and bottom melt that occurs during the summer melt season was measured at 41 sites over the time period 1957 to 2014. There are large regional and temporal variations in both surface and bottom melting. Combined surface and bottom melt ranged from 16 to 294 cm, with a mean of 101 cm. The mean ice equivalent surface melt was 48 cm and the mean bottom melt was 53 cm. On average, surface melting decreases moving northward from the Beaufort Sea towards the North Pole; however interannual differences in atmospheric forcing can overwhelm the influence of latitude. Substantial increases in bottom melting are a major contributor to ice losses in the Beaufort Sea, due to decreases in ice concentration. In the central Arctic, surface and bottom melting demonstrate interannual variability, but show no strong temporal trends from 2000 to 2014. This suggests that under current conditions, summer melting in the central Arctic is not large enough to completely remove the sea ice cover.
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Introduction
The Arctic sea ice cover is in decline. Satellite observations show a large reduction in summer ice extent [1] [2] [3] [4] . The 2012 summer minimum ice extent was the lowest of the satellite record (starting in 1979), 2013 was the fifth lowest and 2014 the sixth lowest. Observations also indicate a reduction in ice thickness in some regions of the Arctic [5] [6] [7] [8] [9] [10] . The age of the ice is also changing, with less multiyear ice and more seasonal ice [11] [12] [13] . 
where H s is the snow depth, ρ s is the snow density set to 300 kg m −3 and ρ i is the ice density set to 900 kg m −3 . The overall mean total surface melt was 48 cm, the median was also 48 cm and the standard deviation was 23 cm. The snow cover completely melted at all 41 sites. However, at one The overall mean of the combined surface and bottom melt is 101 cm, the median is 88 cm and the standard deviation is 61 cm. The smallest amount of combined melt observed was 16 cm, at an Intermediate site in 2013, and the largest amount was 294 cm, in the Beaufort Sea during the summer of 2007. In general, there is more melt in the Beaufort Sea, with seven of the 10 largest melt amounts occurring at Beaufort sites.
We used the mass balance dataset to explore relationships between surface and bottom melt and with other parameters such as year, melt season duration, latitude, seasonal change in ice extent and atmospheric pressure indices (such as the Arctic Oscillation Index). Most comparisons showed very little correlation. Somewhat surprisingly, there does not appear to be a strong relationship between surface and bottom melt (figure 4a) and the coefficient of determination (R 2 ) is 0.27. While the mean values of surface and bottom melt were similar, at a given site there could be considerable variability between the two. Of the 41 cases, only seven have roughly equal surface and bottom melt amounts (within 10% not a strong general connection between the atmospheric and oceanic forcings that control surface and bottom melt. Total surface melt (snow plus ice) versus latitude is plotted in figure 4b . While there is a weak trend of decreasing surface melt moving northward, the results show considerable scatter and R 2 is only 0.27. For example, the variability of total surface melt is from 40 to 95 cm at a latitude of 75 • N and from 10 to 60 cm at 88 • N. This variability implies that there are interannual differences in atmospheric forcing that can overwhelm the influence of latitude.
One-to-one parameter comparisons, like those in figure 4, will intrinsically exhibit scatter due to the multiple factors that combine to determine the amount of surface melt and bottom melt. These factors include the duration of the melt season, summer snowfalls, cloudiness, local ice concentration, storms and ice motion. Unfortunately with only 41 sites, there is insufficient data to fully populate an extensive multivariate analysis that includes the above listed factors. However, we can explore relationships by averaging individual values of surface and bottom melt, and thereby smoothing some of the variability between individual sites and years. Table 2 presents the mean, median, standard deviation, maximum and minimum for the three regions and for two time periods of pre-2000 and 2000-2014. The regional results are presented graphically in figure 5 as a box plot showing mean, median, standard deviation, maximum and minimum. An analysis of variance shows that there is no significant difference in mean snow depth for the Beaufort (24 cm), Intermediate (26 cm) and North Pole (27 cm) regions. Surface melting shows a decrease in the mean, moving from the southernmost site in the Beaufort (66 cm), to the Intermediate (42 cm), and finally to the North Pole (34 cm). The decrease in surface melt as a function of latitude is much clearer for the mean values than it is for the individual points plotted in figure 4b. T-tests comparing surface melt in the different regions show the Beaufort sites had statistically significant (p < 0.01) more surface melting than either the Intermediate or North Pole sites. Note that p represents the probability that there is no difference between the two means.
There is a profound regional difference in bottom melting. The mean bottom melt in the Beaufort (82 cm) is roughly double that for the Intermediate (36 cm) and North Pole (42 cm) cases and has a much larger standard deviation and range of values. The mean value of bottom melting in the Beaufort is significantly greater than either the Intermediate or North Pole means (p < 0.02). 
Discussion
Results from 41 ice mass balance sites show significant regional and temporal variability in surface and bottom melt. The full range of melt at individual sites is from 6 cm of surface melt to 210 cm of bottom melt. When taken over the course of the summer, these differences in total melt correspond to a huge variability of net surface and bottom fluxes from just a few Wm −2 to nearly 150 Wm −2 .
The interannual variability in any region is large. This is not surprising due to the many factors that contribute to melt. Surface melt is affected by clouds, incident solar radiation, the start and end dates of the melt season, air temperature and winds. Bottom melt is related to the heat content of the upper ocean, ice-ocean mixing, solar input to the upper ocean and the ice concentration. Averaging results over individual sites within a region shows that latitude is a rough proxy for incident solar irradiance and temperature, with the average value of surface melt decreasing moving northward. However, it is apparent that interannual differences in atmospheric forcing can overwhelm the influence of latitude.
Away from the ice edge, at the Intermediate and North Pole sites, there is interannual variability in surface and bottom melt, but no evident temporal trend in either over the observational record. In all cases but one, the combined amount of surface and bottom melt at these sites is not enough to completely melt first year ice and is never enough to completely melt multiyear ice that is thicker than 2.5 m. More generally, under current conditions, summer melting is not large enough at the Intermediate and North Pole sites to completely remove the sea ice cover.
The story is different in the Beaufort Sea, near the edge of the summer ice cover. Here, most sites record enough melting to completely melt first year ice and on two occasions completely melt multiyear ice. These large amounts of melting in the Beaufort have been due to a significant increase in bottom melt from 2000 to 2014 compared with the pre-2000 period (p < 0.01). Earlier work [28, 29] has shown that solar radiation absorbed in leads plays a major role in bottom melt. Increases in the area of open water result in increases in solar heat input to the upper ocean and ultimately to increases in bottom melt. The Beaufort Sea is a region where often in recent years summer ice retreat has resulted in decreased ice concentration, leading to more solar input and more bottom melt, creating an ice albedo feedback.
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